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Liquid-filled container 



The invention relates to a liquid-filled container comprising a first sheet, a 
second sheet, a film of liquid dispersed hetween the first and the second sheet and supporting 
members extending fix)m the first sheet to the second sheet 



Liquid-filled containers of the type mentioned in the opening paragraph are 
known in the art as such. WO 02/42832, for example, discloses such a container in the form 
of a liquid crystal display lanunate. The laminate has a single substrate provided with a cover 
layer and a liquid crystal layer disposed therembetween. The liquid crystal and cover layer 
form, in combination, a stiatified-phase-separated cono^osite. Siq)porttng members are 
provided which extend fix)m the substrate to the cover layer and form an integral part of the 
cover layar of the stratified-phase-separated composite. 

. Althoufih the supporting members significantly improve the mechftnioal . 
robustness of the laminate, there is still a need to improve the mechanical robustness finther. 
Specifically, the inventors have found the laminate to be vulnerable to lateral and shear 
stresses. Such stresses develop in particular when the laminate is flexed, such flexure being 
required in flexible or more particular roUable displays, or is heat stressed e.g. to 
temperatures above 50 ^C. 



It is an object of the invmtion to provide, inter aUa, a liquid-filled container 
which is thin yet mechanically robust, in particular one which is robust whea lateral or shear 
stresses are applied and when flexed readering such containers particularly suitable for 
applications which require the container to be flexible. The container is to be mechanically 
robust in the sense of maintaining mechanical integrity and maintaining a substantially 
constant liquid film thickness when mechanically stressed. 

These and other objects are achieved by a liquid-filled container comprising a 
first sheet, a second sheet, a film of liquid dispersed between the fiurst and the second sheet 
and supporting members extending from the first sheet to the second sheet, flie first sheet on 



PHNL030980EPP 



2 06,085003 
llie one hand and the siQipoiting members on the other hand being formed as separate parts, 
"v^erein the stqpporting membos are covalently bonded to the first and the second sheet 
The inventors have observed that in conventional liquid-filled containers 
containing thin films of liquid supporting members break away from the substrate when 
lateral or shear stresses are applied leading to delamination which becomes particular 
apparent when submitted to a flexure test. Covalentiy bonding the supporting members to the 
first and the second sheet provides a strong adhesion, as a result of which the mechanical 
robustness of the liquid-filled container is improved Moreover^ the constant spacing 
provided by the supporting members is substantially maintained and hence the thickness of 
the liquid film when local pressure is applied even in the case the sheets as such are 
deformable and/or flexible. Although in a broad sense, the sujiporting members can be laid 
out randomly, provision in accordance with a predetermined pattern is preferred 

The liquid film is preferably thin, that it having a thickness typically less than 
about 5 mm, or more specifically, about 1 mm. It may even have a thickness of about 500 
)xm, or more particular about 200 \im or less. The mi'ninrwTn thickness is about 0.5 )xm or 
more particular about 1 .0 pm. 

In a specific eihbodiment of the liquid-filled container in accordance with the 
invention, the first sheet has, in accordance with a predetermined pattern and &cing the ffltn 
of liquid, reactive regions and nonrreactive regions, the reactive regions being fimctionalized 
with chemically reactive groi:Q)s, and respective siqiporting members have reactive regions 
fimctionalized with chemically reactive groups, the chemically reactive gjcoups of the first 
sheet and the siqiporting members having reacted with one another to covalently bond the 
supporting members to the first sheet at locations where ftie fibcst sheet contacts the supporting 
members. 

In a more specific embodhnent, in addition to the first sheet, a major surface 
of the second sheet facing the film of liquid is, in accordance with a predetermined pattern, 
fimctionalized with chemically reactive groups which have reacted to form covalent bonds 
with chemically reactive groups of the supporting member at the locations where the major 
surfoce contacts the supporting members. 

In a particular embodimait of the Uquid-filled container in accordance with 
the invention, the film of liquid and the supporting members form, in combination, a phase- 
separated composite. 

Liquid-filled containers in accordance with this embodiment are particularly 
easy to manufacture. Polymeric phase-separated composites, or more particular, photo- 
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polymeric phase-separated compositBs are prefetred. Phase-separated composites comprise a 
(polymCTc) solid phase and a liquid (crystal) phase. The (polymeric) solid phase may be 
formed to have a particular desired shape. (Polymaic) phase-separated composites, phase- 
separable matraials form \i^ch such composites can be obtained and methods of 
5 manu&ctaring such composites are well known in the art as such. Polymer dispersed liquid 
crystals are examples of such composites. Composites Midbierein the solid phase is formed to 
have a desired shape are also known, see e.g. US 5,729,318. 

Instead of being formed of separate parts, the second sheet and supporting 
members may be formed as an integrated whole of covalently bonded material such as a 
10 polymer. This has the advantage that the covalent bonding between the second sheet and the 
supporting members is particularly strong. Such an integrated whole may be conveniently 
obtained using a stratified-phase-separated composite. 

Accordingly, in a preferred embodiment in accordance with the invention, the 
Shn of liquid, the second sheet and the su|>porting moiibers from, in combination, a 
IS stratified-phase-separated composite. 

Stratified-phase-separated composite are known as such in the art, see e.g. 
WO 02/42832. Liquid-filled containers in accordance witii this enibodiment are particularly 
thin, mechanically robust and flexible. The supporting members can be made with a self- 
aligned method. 

20 reactive and nonrreactive regions can be arranged in a number of different 

ways. 

In a first embodiment, the first sheet conqnises a base film and, provided 
thereon, a separate, pattnned layer vtdiich provides the reactive regions in accordance wilii 
the predetermmed pattern, and wherem regions <rf the base film esqiosed by the separate, 
25 patterned layor to die film ofliquid, provide the nonrieactive regions. 

hi a seccmd embodiment, the first sheet conqxrises a base fifan and, provided 
thereon, a separate, patterned layer "vdiich provides the nonrreactive regions in accordance 
with the predetermmed pattern, and wherein regions of the base film vMch are ejqiosed by 
die separate, patterned l^rer to the fihn of liquid provide die reactive regions. 
30 Preferably, the separate, pattemed layer is a mono-lay^. 

The use of mono-layers allows deposition by means of micro-contact printing, 
a sunple yet high-resolution printing method. Also, die mono-layer may, if desired, be 
covalenfly bonded to the base fihn, relatively easy usmg a solvent-free process known as 
such. 
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In a particular embodiment, the separate, patterned layer is covalentLy bonded 
to the base film. 

The reactive regions are laid out in accordance with a predetermined pattern 
and the siq)porting members are formed at those locations. Thus, the supporting members are 
formed in accordance with the same predetermined pattern. In a broad sense, the shape of 
individual supporting members, in particular the height and diameter thereof and the total 
volume occupied by the supporting members is not critical to the invention but is determined 
by the particular appUcation of the liquid-filled container. Convenient shapes are piUars and 
walls. Generally, to maximize the amount of Uquid which the container can hold, the total 
volume occupied by the supporting members is to be minimized. However, in general, the 
smaller the volume, the lesser mechanical robust 

In a further particular embodiment, the supporting members are formed as 
walls partitioning the film of liquid into a plurality of separate liquid-filled pockets. 

Having a wall structure which creates separate liquid-filled pockets provides a 
Uquid-filled container of exceptional mechanical robustness and flexibility. Even when 
flexed many times to a considerable extent the liquid film thickness remains substantially 
constant In many applications this is a significant advantage. For 6xanq)le, it allows fl^dble 
or even reliable (liquid crystal) displays to be made. Also, locally appMed pressure hardly 
affects the thickness of the thin liquid fihn which is of advantage in touch screen 
applications. Jn particular, it allows the touch sensing circuitry to be provided on the side 
facing away fixim the viewer. 

The liquid-filled container in accordance with the invention may, in a broad 
sense, contain any type of liquid. The liquid maybe an inorganic liquid such as water or may 
be of organic origin. The liquid maybe an oil, apaste, a oieam, a foam, an ink, an emulsion, 
a colloid suspension, or other form of liquid containing particles. la a particular advantageous 
embodiment, the liquid is a liquid crystal. 

More in'particular, the liquid crystal in the liquidrfilled container is switchable 
between a first and a second state having difTerent optical properties, wfa^in at least one of 
the first and the second state is an oriented liquid crystal state. Providing a liquid crystal layer 
with the capability of being switdied from and to sudx oriented state can be done by 
conventional means such as electric and magnetic fields. Alternatively, an alignment layer 
msxy be used to bring about such oriented state. Accordingly, in a convenient embodiment the 
first sheet is, on the liquid film side, provided witii an alignment layer. 
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When filled witihi liquid crystal, the liquid-filled container may be conveniently 
used in a liquid crystal display. Accordingly, a convenient embodiment is a liquid crystal 
display comprising a liquid-filled container containing liquid crystal 

Liquid crystal displays in accordance with the invention are thin yet 
5 mechanically robust In feet, the display can be made so thin so as to allow the display to be 
flexible while maintaining robustness. This is in particular the case when the second sheet 
and liquid oystal is formed of a stratified-phase-separated composite. 

With respect to LC ejBfects which may be used, suitable liquid orystals and 
other layers which are or msy be required in the display such as polarizer layers, electrode 
10 layers, first and second sheet materials reference is made to WO 02/42832. 

These and other aspects of the invention will be apparent fix)m and elucidated 
with reference to the drawings and examples described hereinafter. 

15 In the drawings: 

Fig. 1 shows, sdiematically, in a at)ss-sectiQnal view, an embodiment of a 
liquid-filled container in accordance with the invention; 

Fig. 2 shows, schematically, a supporting member having regions 
fbnctionalized with chemically reactive groups; 
20 Fig. 3 A shows, schematically, a first einbodiment of a first sheet having 

reactive regions fenctionalized with chemically reactive groups; 

Fig. 3B shows, schematically, a second embodiment of a first sheet having 
reactive regions fimctionalized with chemically reactive groiqis; and 

Fig. 3C shows, schematically, a third embodiment of a first sheet havmg 
25 reactive regions fimctionalized with chemically reactive groups; 

Fig. 3D shows, schematically, a fourth embodiment of a first sheet having 
reactive regions fimctionalized with cbranically reactive groups; 

Fig, 4 shows, schematically, in a cross-sectional view, a stage of a method of 
nuonifecturing the liquid-filled container shown in Fig. 1 ; 
30 Fig. 5 shows, schematically, in a cross-sectional view, a stage of a method of 

manufacturing another embodiment of a liquid-filled container in accordance with the 
invention; 

Fig 6. shows, schematically, a top view of the liquid-filled container of Fig. 5 
along the line I-I; 
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Fig. 1 shows, schematically, in a cross-sectional view, an embodiment of a 
liquid-filled container in accordance with the invention. The liquid-filled container 1 
comprises a first sheet 3 and a second sheet S. The sheets 3 and S are arranged parallel and 
spaced to accommodate a film of liquid 7. Si^porting members 9 extend from the first sheet 
3 to tiie second sheet S. The supporting memberis 9, on the one hand, and the first sheet 3, on 
the other hand, are formed as separate parts. In the embodiment shown in Fig. 1, die 
supporting mernbers 9 and the second sheet S are also formed as separate parts but this is not 
essential to the invention. The sheet 5 and supporting members 9 may be formed as an 
integrated whole as fiirther detailed hereinbelow. 

The first sheet 3 (and the second sheet S) has reactive regions 1 5 and non- 
reactive regions 17. Schematically indicated by the wavy lines 1 1, the supporting members 9 
are covalentiy bonded to the first sheet 3 and to the second sheet 5 in tiie reactive regions 15. 
The reactive regions 1 5 are laid out in accordance with a predetermined pattern. The distance 
between tiie sheets 3 andS and the supporting members 9 is greatiy exaggerated to show the 
covalent bonding clearly. The covalent bonds are formed as a result of the reaction between 
chemically reactive groups the regions 15 are functionalized with and chemically reactive 
groiq)S of the siqiporting members 9. 

Referring to Fig. 2, the siq)i)orting menibers 9 have reactive regions 21 
fiinctionalized with chemically reactive groups 22. In the embodiment shown in Figs 1 and 2, 
the sur&ce of the supporting members 9 is selectively fimctionalized at predetermined 
locations so as to enable the regions 21 to register with corresponding regions 15 of the first 
sheet 3, this arrangement being preferred but not essential; alternatively the regions 21 may 
span the entire sur&ce of the supporting motnbers 9. 

Referring to Fig. 3 A, on a base film 3a there is provided, in accordance with 
tiie predetermined pattern, a separate, pattemed layer 3b having a sur&ce fiinctionalized with 
chemically reactive groups 16. Hie chemically reactive groups 1 6 and 22 are capable of 
reacting witii each otiier to form the covalent bonds 1 1 shown in Fig. 1. 

In the embodiment shown in Fig. 3A, tiie regions of tiie surface of the base 
film 3a which are not covered by tiie pattemed layer 3b are exposed to tiie liquid layer 7 and 
provide tiie non-reactive regions 17. The pattemed layer 3b may be physisorbed on the base 
film 3a. Alternatively, the layer 3b may be chemisorbed on the base film 3a to improve 



EBNL030980EPP 



10 



1 06.08.2003 
adhesion. Particularly strong adhesion is ohtained when the patterned layer 3b is covalenfly 
bonded to the base film 3a as shown in Fig. 3B. 

Alternatively, as shown in Fig. 3C, a predetennined pattern can be laid out by 
means of a sheet 3 having a base fihn 3a provided, in accordance with the predetennined 
pattern, with a mono-layer 3b fimctionalized with chemically reactive groups 16 to provide 
the reactive regions 15. The patterned, separate mono-layer 3b may be physisorbed or 
chemisorbed on the base fihn, preferably, the mono-layer 3b is covalently bonded to the base 
film 3a. 

As shown in Fig. 3D, the reactive regions 1 5 and the non-reactive regions 17 
can also be integrally formed in one and the same layer of the sheet 3 in accordance witii the 
predetermined pattern. 

M case the container is part of a display, the layar 3b it may be appropriate to 
include a black dye in the patterned layer 3b, inter alia to enhance contrast For this to be 
effective, the layer 3b needs to have a thickness of about 2 jim or more. 

15 'Il»nc>ater!alofwlii<Athedieets3and5isfonnedmaybethesameor 
different and may in principle be any kind of material capable of containing the liquid. 
Dqpending on the afipUcation it may be inqiermeable or permeable to the Uquid contained. 
The sheets 3 and 5 may be made of metal, ceramic or glass or other inorganic material. If the 
liquid-filled container is to be flexible, synthetic resm is a good choice of sheet materiaL 

20 Combinations of such materials such as in the fiwm of a laminate can also be used. The sheets- 
may need to have fimctionality other than that of holding die Uquid dqiending on die 
appHcation. Fot example, if the Uquid-fllled contamer is used in an optical plication 
v(4ierein the container needs to be tcansmissive, the sheets 3 and/or 5 need to be transparent 
If the Uquid-filled container is used as part of a liquid crystal display the sheet 3 and/or would 

25 typically comprise a varieQr of layers such as an aUgrmient layer for aUgning the Uquid 
crystal electrode layer(8) and polarizer layer(s). 

The dieets 3 and 5 typicaUy have a diickness of less than about 5 mm, often 
less dian about 2 mm. A convenient thickness is about 1 mm or less. If a large thickness is 
used, flexibiUty is inqiaired. weight increases and less Uquid can be accommodated at a given 

30 volume of the container. On the other hand if the thickness becomes too small, say less than 
about 10 Mm , or better less than about 20 pm , the sheet becomes very ftagUe and hence 
easily damaged vs^ien handled during use or manufecture of the Uquid-fiUed container. 

The Uquid-fiUed container in accordance with the mvention may, in a broad 
sense, contain any type of Uquid. The Uquid may be an inorganic Uquid such as water or may 
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be of organic liquid The liquid may be an oU, a paste, a cream, a foam, an ink, an emulsion, 
a colloid suspension or other form of liquid containing particles. Depending on the 
application the liquid may contain functional particles or additives such as dyes, 
pharmaceuticals or ions. 

The liquid film 7 has a thickness typically less than about S mm^ or more 
specifically, about 1 mm. It may even have a thickness of about 500 pm, or more particular 
about 200 ^m or less. The minimum thickness is about O.S |Jin or more particular about 
1.0 (im. 

Apart fix}m being functionalized with chemically reactive groups, the 
sufiporting members 9 may be of a conventional nature. Spacers conventionally used in 
LCDs may be suitably used. The sur&ce of such fimcticmaUzed is then fimctionalized with 
chemically reactive groups. The supporting members can be of any convenient shape such as 
columns, spheres or rods with long axis arranged parallel to sheet 3. The supporting members 
may be made of glass, c^amics, metal or any other sort of material. A preferred supporting 
member material is a synthetic resin, a polymer, because such matoials can be functionalized 
relatively easy. 

The supporting members 9 cxtsoA fixsm the first sheet 3 to the second sheet 5 
thus providing mechanical robustness to the liquid-filled container. Hie si^orting members 
substantially determine tiie distance between the sheets and the thus the votmne of liquid 
which can be accommodated, l^provided in sufficient density the thickness is maintained 
even ^en contpressive forces are applied locally at right angles to the sheets. The 
supporting mraobers also provide resistance against shear and lateral stresses. Because they 
are covalentiy bonded to the first and second sheet a mechanically very robust container is 
obtained. 

The height of the supporting members is selected to match the desired liquid 
film tfaidmess. The widdi of the supporting members and the volume occupied by the 
supporting members depends on the application. Typically, to facilitate the patterning 
process, the width of the supporting members should be more than about 0.1 jim, or, better, 
0.2 pm, or still better, 0.5 jxm. Supporting members having a width of about 1.0 jim or larger 
are preferred. Depending on the application the width be about 5 \sm or larger or even about 
10 or larger. The width is preferably less than about 100 }xm. Optimizing for mechanical 
strength, requires the aspect ratio to be at least O.S or better at least about 1.0, aspect ratio 
being defined as width to height ratio. A comfortable aspect ratio is about S or more or better 
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about 10 or more. The volume occupied by the sig)porting members may be about 1 % to 20 
% of Ihe total volume betv^een the sheets 3 and 5. 

The chemicaUy reactive 16 and 22 are enable of reacting with each other to 
form covalent bonds. Conventional synthetic chemistry provides a wealth of combinations of 
5 chemically reactive groiq)s which may be suitably used for this purpose. Preferably, photo- 
chemically reactive groups are used. Also preferred are chemicaUy reactive groi^ which 
covalently bond in the form of an addition reaction since then the reaction does not produce 
any other product Also preferred are reactive gmvps which can react under solvent-ftee 
c(mditions. 

^® Suitable exau5)les of chemically reactive groups 22 include but are not limited 

to double bond containing groups, such as (meth)acrylate and vinyl containing groups such as 
vinyl eJhers. ChemicaUy reactive groips 16 which can react to form covalent bonds with 
such ChemicaUy reactive groups include but are limited to with double bond containing 
groiqis, such as (meth)acrylate and vinyl containing groups such as vinjd ethers, amines (In 

15 case ofanacrylate by means ofMichael's addition) and thiols. 

Another example is an epoxy groiqj which may be reacted with a hydtaxy 
group, an amine group, a (carboxyUc) acid groiqj, and an anhydride or add ddoride of such 
acidgioiq). 

Because the siqtporting members 9 selectively bond to the reactive regions 15, 
20 ^Iwsiqqjorling members 9 can be laid out in accordance wifli the predetermined pattern as 
weU. In the broadest sense, any pattern may be used. For ejcample^ a pluiaUty of separate 
supporting members positioned regularly between the sheets or ribs and networics of ribs 
ecrtending througihout the Uquid layar such that aU the Uquid fOm is still contiguous 
tiirougliout Also, separate pockets of Uquid may be formed by having supportmg meoibers 
25 laid out as a connected grid. 

The Uquid-fOled container genecaUy has sealing means (not shown in Fig. 1) 
running along the praimeter of the first and second sheet to prevent the Uquid fiom leaking 
out sideways. Conventional seaUng means, such as glue or tape or rubber or metal gasket, 
m^ be used for this purpose. Supporting members may also be used to form the seaUng 
30 means. 

Ill the Uquid-fiUed container of Fig. 1 the second sheet 5 is constracted shnilar 
to the sheet 3. This is not essentiaL For example, the entire surfece of sheet 5 may be 
fonctionalized with chemicaUy reactive groups instead of pattern-wise. Also, as detaUed 
ferther below, the sheet 5 may form an integrated ^ole with the si^iporting members 9. 
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The patterned layer 3b functionalized with chemically reactive groups 16 may, 
for exan^le, be formed of synthetic resin fiinctibnalized with the chemically reactive groups 
mentioned hereinabove. Suitable materials include polymers (in the context of the invention 
the term "polymer" includes "oligomer", "co-polymer'*, *ter-polymer" and higher 
homologues) having pendant double-bond containing groups such as (meth)acrylate groups. 
Polymers containing pendant amine or hydroxy groups may also use be used. Altemative to 
polymers, the corresponding monomers may also be used. Typically in such case a photo- 
initiator is included. Examples of suitable monomers include bisphenol A di(meth)acrylatB 
and tripropyleneglycoldiacrylate. 

The patterned layer 3b has a thickness typically ranging form about 1 nm, in 
the case of a monolayer, to about 100 \im. 

A method of manufacturing the liquid-filled container shown in Fig. 1 
comprises providing a first sheet 3 comprising a base film 3a provided with a separate, 
jiattemed layer 3b. The separate patterned layer 3b has regions IS fimctionalized with 
chemically reactive groiqis 16. Sur&ce regions of tiie base film 3a not covered by the 
patterned layer 3b provide non-reactive regions 17 (see Fig. 3 A). The sheet 3 is then brought 
into contact with an excess of pre-formed supporting member bodies having, as shown in Fig. 
2, regions 21 fimctionalized with chemical reactive gcoups 22 capable of reacting with the 
chemically reactive groups 16. The conditions needed to bring about the reaction between the 
chemically reactive groups 16 and 22 to form the covalent bonds 1 1 are then brought about, 
which noay involve inlying heat and/or radiation and/or immersion in a reaction medium. 
The reaction medium may comprise a solvent, co-reactants and/or catalysts and or other 
additives needed to ftcilitate the desired covalent bond formation. After having formed the 
covalent bonds, pre-formed supporting member bodies which have not reacted with reactive 
regions IS are removed &om the sheet 3. A sheet 5 having a structure similar to sheet 3, that 
is having reactive regions laid out in a pattern corresponding to tliat of the pattern of the 
reactive regions 1 S of sheet 3 , is then placed on the supportiiig members 9 so that the reactive 
regions of the sheet S register with the reactive regions of the siqiporting members 9. Proper 
registration may require the use of alignimrat marks, use of such marks being known in the 
art To maintain alignment daring subsequent processing (temporary) fixation means are 
applied. Optionally, sealing means are applied at this stage. ]tf present, such sealing means 
may be used to maintain alignment Using the same or a different method as used for 
covalentiy bonding the first sheet 3 to die supporting members 9, the second sheet 5 is 
covalentiy bonded to the supporting members 9. If sealing means have not yet been provided. 
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sealing means are provided, wherein a small opening is provided for filling of the enq>ty 
container so ftraned wifli Uquid. Filling the empty container with tiie desired Uquid completes 
Hie manofecture of the liquid-filled container. 

As an altranative to first forming the container and flien filling it with liquid, 
the first sheet 3 may be coated with Uquid first and then a second sheet 5 ^Ued. 

A sheet 3 having the patterned layer 3b on top of the base fihn 3b as shown in 
Fig. 3A may be manufectured by printing the patterned layer 3b on top of the base fiam 3a 
Any printing method may be used for this purpose such as uik jet printing, flexo printing, 
screen printing, off-set printing, tampon printing and the like. A convenient printing metihod 
is tampon printing or micro contact printing. Subtcactive deposition methods wherein 
pattemed (photo)resists are deposited m^ also be used but are not prefened if the base fihn 
3a is sensitive to the processing steps involved 

In order to benefit fixnn the covalent bondmg of the sheet to the siqiporting 
member, the patiiemed layer 3b must adhere weU to the base fOm 3a. In the sheet shown in 
15 Fig. 3A, the pattern layer 3b adheres physicaUy to the base fihn 3a. Conventional methods to 
improve adhesion may be used if adhesion is found to be msufBdent An effective mefliod to 
improve physical adhesion is 1o use a solvent in the d^osition of the pattemed layer which 
attacks the base fihn as a result of which, at the mterfece, pattemed layer material can diftbse: 

mto tiie base fihn material and vice versa. This works particularly weU if the base film and 
20 patterned layer are polymeric because then the polymer chains may get entangled providing a ^ 
seamless interfece. For exainple, a polyimide base fihn can be made to strongly adhere to a 
patterned polyamic ester layer. Covalenfl^y bondmg the pattemed layer to the base fihn 
provides good adhesion. 

The sheet shown Fig. 3C canbemanufocturedbymioro contact prmting onto 
25 the base fihn, a mono-layer of a conqjound havmg, on tiie one hand, chemically reactive 
groiqis 16 and, on tiie other hand, chemically reactive groups capable of reacting, while 
formmg covalait bonds, with chemically reactive groups of flie base fihn 3a. An embodiment 
of flie sheet shown in Fig. 3C is one wherein a micro-contact prmted (mefli-)acryiate 
fimctionalized chlorosilane monolayer reacts with a UV/ozone treated polyunide base fihn. 
30 Anoflier example of sudi a sheet is a polyvinylalcohol base fihn of which the OH groiqis 
available at tiie sur&ce have reacted with a pattemed micro-contact prmted (metii)- 
aciylatBdilorosilane mono-layer. Yet anotiier is where a pattemed mono-layer of (metii)- 
acrylatB fimctionaUzed tiiiol is micro-contact printed onto abase fihn of photo-aHgnment 
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material having available at its sur&ce double bonds originating for example from a 
cinnamate or a coumarin. 

The silanes of the previous paragraph may also be coupled to base fifans of an 
indium tin oxide or glass. 

The supporting members 9 may be formed of material sinoilar to the base filrn 
of the sheets 3 and 5. Suitable materials include glass and synthetic resin. The various 
embodiments of the reactive regions shown in Fig. 3A-3D may be used in case of the 
supporting members 9 as well. For example. Fig. 2 shows, schematically, a supporting 
member having a sur&ce fimctionalized with chemically reactive groups corresponding to 
the embodiment shown in Fig. 3D. Providing regions of the spacers with chemically reactive 
groups proceeds analogous to providing sheets with such groups. 

The supporting members shown in Fig. 2 may be manu&ctured, for example^ 
by e?q)osing a sheet of supporting member material on both sides to a reaction medium 
capable of functionalizing the sheet with the fiinctional groups 22, thus functionalizing the 
major sur&ces of the sheet with chemically reactive groiq^s, and then cutting the sheet into 
pre-formed sqiaiate supporting member bodies each having two surfaces 21 arranged 
opposite one another functionaLized with chemically reactive groups 22. 

In the manu&cture of the liquid-filled container 1, the siqpporting members 9 
may be provided as preformed supporting member bodies, eith^ before, after or 
simultaneous with the liquid layer 7. Alternatively, the supporting members may be formed 
in-situ. 

Fig. 4 shows, schCTiatically, in a cross-sectional view, a stage of a method of 
manu&ctuiing the liquid-filled container shown in Fig. 1. 

In order to allow in-situ formation of the supporting members 9 use is made of 
phase-sq)arable material which can be brought to phase-separate into a solid phase and a 
liquid phase, the liquid and solid phase together forming a phase-separated composite. Thus, 
the liquid layer 7 and the supporting memb^s 9 are formed of phase^separated composite. In 
the method of "V^ch a stage is shown in Fig. 4, use is made of photo-enforceable phase- 
separable material. 

In such material, phase separation is induced about by means of photons, 
typically ultraviolet ligjbit photons. The phase-separation being photo-induced ^hoto- 
enforced) is not essential to the invention. Alternatively, thermal and solvent-induced phase 
separation may also be used. When employing photo-enforced phase-sepamtion, pattemed 
solid phases are easily obtained using a pattemed exposure as is shown in Fig. 4. 
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Preferably, the solid phase is a polymeric phase and the phase-sepaiable 
material conqmses polymerizable material, in particular photo-polymerizable material in 
whidi case the phase-separation may be referred to as polymerization induced In 
polymerization induced phase separation, the difference in miscibiUty between on the one 
hand a monomer (prepolymer) and a liquid and on the other hand the polymer obtainable 
fiom the monomer and the liquid is the driving force for phase-separation. 

Phase-separable materials, phase-separated composites and methods of 
obtaining such composites are well known in the art as such. Such known materials, 
composites and methods may be suitable used in the containers in accordance with the 
invention and methods of manufectuting the same. For example, polymerization phase- 
separable material comprising Uquid crystal has been used to obtain to polymer dispersed 
liquid crystals. As another example, photo-polymerization induced phase separation has been 
used to produce polymeric walls m a liquid crystal cell, see e.g. US 5,729,3 18. 

If (polymerizationr-induced) phase-separable material is used to manu&cture - 
the Uquid-fflled container, the material from which the ftwlymerio) soUd phase is obtained is 
functionalized wifli chemically reactive groups capable of reacting wifli the disnically 
reactive groiq)s of the sheet to form covalent bonds. In case of polymerization-induced phase- 
separable material, such chemically groiqis may be difEerent from but are preferably the same 
as the polymerizable groups of the phase-separable material Suitable chemically reactive l 
groups and polymeric) materials and liquids have been described hereinabove. 

Preferisd polymerizable inatodals fer use in polymerization-induced phase- 
separable materials include monomers capable of addition polymerization such as monomers 
including double bonds such as vinyl contaming monomers, fer example styrene, 
(mefli)acrylates, vinylefhers. Such double bonds can be reacted with sheets functionalized 
with, for exan5)le, double bonds, such as acrylates, or thiols or amine groups. A combination 
of monomers containing thiol groups and viiqrl groups to obtain thiolenes may also be used. 
Thiolenes may be used m combmation with tdieets fenctionalized with tiiiol groups or vinyl 
groiqjs or amine groups or acrylate groiqjs. Epoxy-group contaimng monomers may also be 
used Such groups can react with sheets fenctionalized with epoxy groups or amines 
(organic) acids, anhydrides or acid chlorides of such acids. 

Fig. 5 shows, sdiematically, in a cross-sectional view, a stage of a metiiod of 
manufecturing another embodiment of a Uquid-fiUed container in accordance with the 
invCTtion. 
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The liquid-filled container 51 shown in Fig. S differs firom the liquid-filled 
container 1 shown in Fig. 1 in that in Ifae embodiment 51 the second sheet and the supporting 
members form an integral whole in which a sheet section 55 and supporting member sections 
59 are distinguishable. 

The sheet section 55, siq)porting member sections 59 and liquid layer 7 
together form a stratified-phase separated composite 58. Use of a stratified-phase-separated 
composite has the advantage that, because the sheet section 55 is formed in-situ, the liquid- 
filled container can be much thinner than when a separate sheet is used. This renders the 
liquid-filled container particularly flexible while maintaining mechanical robustness. 

The thickness of the stratified-phase-separated composite can be anything 
between 1 and 200 pm, or better 2 to 1 50 {im, or still better 3 to 100 )Jm. A preferred range is 
5 to 50 pjn, or even more preferred 10 to 30 \uxl The liquid crystal layer of the stratified- 
phase-separated composite can have a thickness of 0.5 to 20 [im or preferably 1 to 10 )im. 

Stratified-phase separated composites, methods of obtaining such and 
materials from which such coniposites can be obtained are known in tiie art as such. See 6.g. 
US 6,486,932, WO 02/42832, WO 02/48281, 02/48282 and 02/48783. Such known 
composites, methods and materials can be suitably used in the liquid-filled containers of the 
present invention provided such con:q)osites and materials cornprise chemically reactive 
groups which have reacted or are capable of reacting with chemically reactive groups of the 
reactive regions 15 of tiie sheet 3 to form covalent bonds 11. In case of polymeric stratified- 
phase-separated corctposites, the chemically reactive groiq) is preferably a polymerizable 
group. 

Specific examples of stratified-phase separable material are those described 
hereinabove in relation to phase-separable material. 

According to the prior art cited above, in order to get a phase-separated 
composite to stratify special measures are taken. Tlie special measure may be to use a first 
and second sheet which have a differential wetting fer liquid and solid material. It may also 
involve adding a dye to a photo-phase separable material, which has Ihe effect of establishing 
an intensity gradient at right angles to layers to be formed. 

In the stage shown in Fig. 5, the liquid-filled container being manufactured is 
subjected to a flood exposure. Surprisiagly, this still results in the supporting members being 
formed in accordance with the predetermined pattern. Further details are described in a patent 
application concurrentiy filed by Applicant entitied 'Tolymeric stratified-phase-separated 
composite and method of manufacturing the same". 
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Fig 6. shows, schematically, a top view of the liquid-filled container of Fig. 5 
along tiie line I-I. The supporting members sections 55 are laid out as a rectangular grid 
partitioning the liquid layer 7 into a plurality of separate liquid-filled podkets. Instead of 
rectangular the liquid-filled pockets may be hexagonal or round such as dicular or other 
5 form. Siqjporting members so laid out on a connected grid provide the liquid-filled container 
with exceptional robustness allowing very thin and thus flexible liquid-filled containers to be 
constructed. Moreover, since the pockets are separated fi:om one another by the supporting 
members no liquid can flow from one pocket to the another. This has the advantage that a 
constant thickness of the liquid-filled container is maintained even when local pressure is 

10 applied to a major surfece of the container. For many applications, display plications being 
a prime example, this is an unportant property. Obviously, if desired, a plurality of sq)arate 
supporting members (pillars) can also be used. 

The invention is of particularly use vibiai stratified-phase-separated 
conqiosites are used. In order for the stratification process to proceed as desired the solid 

15 layer has to fonn on top oftheUquid layer. In order to ac^eve this it is unportant that 

solid layer being formed does not have a high afBnity for the sheet 3. On the other hand, to 
get a robust container it is important tibat the supporting members whidi are also formed of 
BoUd phase adhere weU to the sheet 3 . These are conflicting requirements. The present 
invention resolves this conflict Because the sheet is fimctionalized with chemically reactive 

20 groups, flie issue of adhesion of flie ccnnposite to the sheet can be optimized separately from . 
tiie qptiiDizatian of stratification leading to containers with improved robustness. 

The liquid-filled containers m accordance with the invention are suitable for 
use in displays based on fluids such as electco-wetting and electrcphorotic displ^ and 
liquid oystal displays in particular. 

25 A prefen^dUquid is a Hqmd crystal, more particular a Kqmd crystal which can 

be brought into states of different optical properties. States having difEerent optical properties 

can be obtained by orienting tiie Uquid crystaL This can be done by means known in the art 
as such. A preferred such means is an alignment layer which is provided on the first sheet 3. 
If desoed flie second sheet 5 or sheet section 55 may also be provided with an aUgnrorait 
30 %er. 

Liquid-filled containers comprising (oriented) liquid crystals which can be 
switched between states of having different optical properties can be suitably used in liquid 
crystal displays. In such a case the first sheet and optionally the second sheet will have 
conqiosite structure including besides alignment layers, electrode layers, retardation, color 
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filto layers, active matrix drcuitry and the like. In case of stratified-phase-separated 
composite comprising containers used in displays reference is made to WO 02/42832. 

Example 1 

A thin liquid-filled container as shown in Fig. 1 is manufactured as follows: 
S A glass substrate provided with active matrix in-plane switching circuitry is 

coated with a polyimide layer (AL 3046, JSR) which is ruhhed to obtain an alignment layer 
thus forming a base film 3a. 

A pattemed layer 3b is formed by micro-contact (tampon) printing, more 
particularly by providing a glass substrate with a layer of a photo-sensitive polyamic ester 
10 (Durimide 7505, Arch Chemicals) by means of spin-coating (10 s at 100 rpm, 30 s at 3000 
xpm). The structural formula of the polyamic ester is: 




15 A polydimethylsiloxane stamp provided with a 4 by 5 cm square grid pattern 

wherein the grid lines are each 50 \xxa wide, each 100 \im high and spaced 500 pm apart in 
both directions (heart to heart distance) is inked by contacting the stamp with the wet 
polyamic ester layer and then contacting the stamp with the base film 3a on the alignment 
layer side thus transferring the ink onto the base film 3a. Afl»r removal of the stamp, the 

20 inked base film 3a is heated on a hot plate at 90° for about 10 minutes to evaporate solvent 
thus obtaining a sheet 3 of a type shown in Fig. 3 A. The sheet 3 comprises a base film 3a and 
provided tiiereon a separate, pattemed layer 3b of polyamic ester, the separate, pattemed 
layer 3b providing reactive regions 15 fimctionalized with chemically reactive groups 16 
which is this example are methacrylate groups. The regions exposed by the layer 3b are the 

25 non-reactive regions 17 and expose alignment layer surfece. 

The predetermined pattern of the pattemed layer is similar to that shown in 
Fig. 6 and is a square grid, each grid line being 50 pm wide and 500 Oieart to heart 
distance). The thickness is measured to be about 150 nm. 
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Using an Erichsen doctor blading apparatus, the first sheet 3 is provided wilii a 
thin (about 30 nm) film of a siratified-phase-separable material of the foUowing compositicMi: 
50 wt% liquid crystal E7 (a mixture of several cyano-substituted biphenyls and a cyano- 
substituted terphenyl, marketed by Merck), 44.5 wtP/o isobomyhnethacryiate (Sartomer), 0.5 
wt% photo-initiator Irgacure 651 (Ciba Geigy) and 4.5 wf% of (E>4.4*-di-(6- 
mefliacryloyloxyhexyloxy>3-methylstilbene synthesized as described in WO 02/42832. 

The stratified-phase-separable material bas photo-polymerizable 
methyacrylate groiqis. The patterned layer 3b provides regions functionaUzed vrifli 
meliiacrylate groiq)s. Metihacrylate groups are capable of reacting vriOi another. Thus, 
chemically reactive groups axe provided vMch ace capable of reacting with the chemically 
reactive groups of the patten»d l^er 3b. 

The thin layer of stratified-phase-separable material is subjected to a flood 
exposure using ulliaviolet Ught (Philq)s TL08, 03 mW/ca^) at a ten^erature of 50 'C in a 
nifcrogen atmosphere fiir 30 minutes. The UV photons mduce polymerization of the 
metharaylate mononters. As polymerization proceeds, polymerized material is fimned the 
molecuhir weight of which mcreases over time to the point where Ihe polymerized material is 
not miscible any more vrith tiie Uquid ciyslal and which point phase-separation occurs. The 
sliatified-phase-sq)aiatolemalBrial absorbs tiieUV radiation (substiui^ oftiie 
stilbene compound and tiie photo-initiator) and an intensity gradient is estabUshed, flie 
20 highest intensity being fi)und closest to the radiation source. This gradient is flie driving force 
of stratification. The absorption of flie fihn of staitifiedi)hase-separable material is such that 
UV photons also reach tiie mter&ce of the patterned layer 3b and the fihn of stratified-phase- 
separable material, tinis mitiating reaction between methaciylate groups oftiie stratified- 
phase-separable mat^ and tiie metiiacrylate groiq)s oftiie patterned layer 3b. As a result of 
tins reaction, covalent bonds ace estabUshed between flie patterned layer 3b and tiie 
siqiporting members being fimned in-situ. 

Afler irradiation, a stratified-phase separated composite 58 is formed. The 
con^iosite 58 conqirises a fliin oriented liquid crystal fihn 7 of separate LC pockets of 
approximately hemispherical shape each having a maximum tiiickness of 10 pm. The 
composite 58 fiirther courses a solidphase comprising a sheet section 55 and siqiporting 
member sections 59. 

The display so obtained is examined under a polarization microscope. The 
pockets witii fiUed Uquid crystal and die supporting member sections 59 are clearly 
distinguishable. In some areas, birefiingent effects are observed indicative oftiie presence of 
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liquid crystal, whereas in oilier areas the image is consistent witii what is normally observed 
for optically isotropic material indicative of the presence of supporting member material. 

The display so obtained has oriented liquid crystal which can be switched by 
means of the active matrix in-plane switching circuitry to display an image. Exerting pressure 
on tiie display at the viewing side with a finger does not result in any image distortion as 
would be observed in conventional LC displays evidencing the excellent mechanical 
robustness of the display in accordance with the invention. 

Furthermore, after heat stressiag the display at 90 "^C for several hours the 
display is still operational. Conventional displays comprising stratified-phase-separated 
composites, that is those having supporting members 59 which are not covalentiy bonded to 
the sheet 3 do not survive such test 
Example 2 

A liquid-filled container identical to that of Example 1 is manu&ctured except 
that, instead of a glass substrate with active matrix circuitry, a polymer substrate (an 
engineered polycarbonate foil firom Teijin, type DT 120 B 60) designed for use in plastic 
LCDs is used. 

When examined under a polarization microscope substantially the same image 
as is observed in Example 1, is observed so &r as the siqiporting member and liquid crystal 
film is concerned 

The liquid-filled container is then subjected to a flexure test by flexing, by 
hand, the container to a bending radius of about 1 cm and then relaxing it to its original 
sh^e. This procedure is repeated at least 20 times. 

Thereafter, the liquid-filled container is again examined with a polarization 
microscope. The image observed is substantially the same as that observed before the flexure 
test clearly indicating the mechanical robustness of the liquid-filled container in accordance 
with the invention. 
Examples 

(not in accordance with the invention) 

Example 2 is repeated with the difference that the patterned layer 3b with the 
reactive regions is dispensed with. In order to obtain supporting members in accordance with 
the predetermined pattern a pattern-wise exposure is used. A modified flood CTCposure is used 
to induce stratification. 

Specifically, in the pattern-wise exposure, the film of stratified-phase- 
separable material is irradiated through a mask with a high-intensity light near-UV source 
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(Philips UHP, 10 mW/cm^) fi>r 3 minutes in a nitrogen atmosphere. The distance between 

UVsouice and tiie mask is about 40 cm, distance between the mask and the film is 1 mm.lh 
the Ught palh a diffuser is placed (10 cm &om the UV source) to obtain more homogeneous 
illumination conditions. During the pattern-wise exposure, a square grid of supporting 
5 member sections 55 is formed. 

In the second flood ejqjosure, the fihn is exposed to near-UV li^t of much 
lower intensity (PhiUps TL08, 0.3 mWW) at a temperature of 50 in a nitrogen 
atmosphere. In this exposure, Ihe material in the areas between the supporting members 
phase-sqparate in a stratifying manner thus fomaing a polymeric layer 55 and the Uquid 
10 crystal layer 7. 

The liquid-filled container so obtained is examined by polarization 
microscopy. An array of separate Uquid crystal fiUed pockets is observed enclosed by a 
square grid of supporting menaiber sections 59 laid out in accordance with the pattern of the 
pattem^wise e>q)osure. 

1^ "^liquid-fiUed container so obtained is subjected to the flexure test of 

Exan9le2. 

Afler the flexure test, the liquid-filled container is again examined with the 
polari2ation microscope. It is observed that a significant proportion of the siqjportmg 
members 59 has been dislodged from then: original position. The Kquid crystal pockets are no 
20 longer nicely separated, Kquid crystal can flow fixm pocket to another. This dramatically 
affects the (electro) optical properties of the contamer, such as its contrast and color point of 
tile bright state, as well as its mechanical properties, such as flie capability to mamtam a 
constant Uquid fihn tiiicfcness when pressure is appUed and resistance against lateral fijrces. 

25 A Kquid crystal display havmg a Uquid-fiUed container as shown in Figs. 5 

and 6 is manu&ctured as fbUows: 

A polymer fi)il (an engineered polycarbonate foil &om Teijin, type DT 120 B 
60) is provided wifli an in-plane switching ITO electrode structure. The electrodes can be 
addressed by direct addressmg. The polymer foil is on the electrode side coated with a siUcon 
30 nitride (SiN^ passivation layw of about 100 nm tiiickness. On top of tfie nitride layer a 

polyimide aUgnmrait layer (AL 3046, JSR) is provided, completing tiie manufecture of a base 
fihn 3a. 

In accordance witix tiie method of Example 1, tiie base fihn 3a is provided witii 
a patterned layer 3b of polyamic estar having metiiacrylate groiqis. The first sheet 3 so 
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obtBined has reactive regions functionalized wifh chemically reactive groups. The patterned 
layer is laid out in a square grid with SO pin wide lines and 500 apart (heart to heart 
distance). 

Using the method of Example 1» the first sheet 3 is provided with an about 30 
pm filtn of stratified-phase-separable material having the composition: 50 wt% liquid crystal 
material E7 (Merck), 44.5 wt% isobomylmethacrylate (Sartomer), 0.5 wt% photo-initiator 
Darocure 4265 (Ciba Geigy), 5.0 wt% stilbene dimethacrylate. E>q)Osar6 with UV light 
(Philips TL08, 0.3 mW/cm^) at a temperature of 50 in a nitrogen atmosphere for 30 
minutes results in the formation of a stratified phase-separated composite 58 having a sheet 
section 55, supporting member sections 59 and a liquid crystal film 7. 

On the sheet section 55, an about 20 |im thick planarizing layer of triprppylene 
glycol diacryiate is applied using a doctor blade. The planarizing layer is cured with UV li^t 
(Philips HPA: 4 mW/cm^, 10 minutes). Finally, two coatable water-bom polarizers (Optiva 
Inc.) are coated with the Mayer's Rod coating technique on each side of the layer stack: one 
on top of the planarizing layer, the other on the back of the first sheet 3. 

The LC display so manufocturedis rolled on a cylinder with a radius of 1 cm 
and then unrolled while displaying a desired image. This procedure is rq>eated over a 
thousand times. During a cycle of this flexure test the image displayed does not change. 
Furthermore^ during the entire flexure test, no degradation of the image displayed is 
observed. This evidences the excellent mechanical robustness of the display in accordance 
with the invention. 
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<XAIMS: 



1 • A liquid-filled container comprising a first sheet; a second sheet, a film of 

liquid dispersed betvcreen tbe first and the second sheet and suiipordng members extmding 
firan the first sheet to the second sheet, the first sheet on the one hand and the supporting 
members on the other hand being formed as separate parts, wherein the supporting members 
S are covalmtly bonded to the first and the second sheet 

2- A liquid-filled container as claimed in claim 1 wheiein the first sheet has, in 

accordance with a predetermined pattern and &cing the film of liquid, reactive regions and 
non-reactive regions, the reactive regions beiag functionalized with chemically reactive 
10 groups, and respective supporting members have reactive regions functionalized with 
chemically reactive groups, the chemically reactive groups of the first sheet and the 
siqyporting menibers having reacted with one another to covalently bond the supporting 
members to the first sheet at locations where the first sheet contacts the supporting members. 

15 3- A liquid-filled container as claimed in claim 1 or 2 wherein the film of liquid 

and the supporting members form, in combination, a phase-separated composite. 

4- A liquid-filled container as claimed in claim 3 wherein the fikn of liquid, the 
second sheet and the supporting members fiom, in combination, a stratified-phase-separated 

20 composite. 

5- A liquid-filled container as clauned in claim 2 wherein the first sheet 
comprises a base fihn and, provided thereon, a separate, patterned layer which provides the 
reactive regions in accordance with the predetermined pattern, and wherein regions of the 

25 base fihn exposed by the separate, patterned layer to the fihn of Uquid, provide the non- 
reactive regions. 

6* A liquid-filled container as claimed in claim 2 wherein the first sheet 

comprises a base fihn and, provided thereon, a separate, patterned layer which provides tihe 
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non-reactive regions in accordance witili the predetermined pattern, and wherein regions of 
the base film which are exposed by fhe separate, patterned layer to the film of liquid provide 
the reactive regions. 

5 7. A liquid-filled container as claimed in claim 5 or 6 wherein the separate, 

patterned layer is a mono-layer. 

8. A liquid-filled container as claimed in claim 5, 6 or 7 wherein the separate, 
jiattemed layer is covalentiLy bonded to the base film. 

10 

9. A liquid-filled container as claimed in claim 1, 2, 3, 4, 5, 6, 7 or 8 wherein the 
supporting merobers are formed as walls partitioning the film of Uquid into a plurality of 
separate liquid-filled pockets. 

15 10. A liquid-filled container as claimed in claim 1, 2, 3, 4, 5, 6, 7, 8 or 9 herein 

the liquid is a liquid crystal. 

11. A liquid-filled container as claimed in claim 10 wherein the first sheet is, on 
the side feeing the liquid ffl^n, provided with an aligmnent layer. 

20 

12. A liquid crystal display comprising a liquid-filled container as claimed in 
claim 10 or 11. 
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ABSTRACT: 



A liquid-filled container conq)ris6S a furst and a second sheet between which a 
tbin film of liquid is dispersed. Supporting members, which extend fix>m the first ^eet to the 
second sheet, are covalentLy bonded to the first and the second sheet to make the container 
mechanically robust In an advantageous embodiment, the Ihin fihn of liquid, the siqiporting 
members and tiie second sheet form, in combination, a stratified-phase-separated conqposite. 
The liquid-filled container is particularly suitable for use in a liquid crsrstal display. 
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